Acid beta-glucosidase: intrinsic fluorescence and conformational changes induced by phospholipids and saposin C.
Acid beta-glucosidase is a lysosomal membrane protein that cleaves the O-beta-D-glucosidic linkage of glucosylceramide and aryl-beta-glucosides. Full activity reconstitution of the pure enzyme requires phospholipids and saposin C, an 80 aa activator protein. The deficiency of the enzyme or activator leads to Gaucher disease. A conformational change of acid beta-glucosidase is shown to accompany activity reconstitution by selected phospholipids or, particularly, phospholipid/saposin C complexes by intrinsic fluorescence spectral shifts, fluorescence quenching, and circular dichroism (CD). Negatively charged phospholipid (NCP) interfaces with unsaturated fatty acid acyl chains (UFAC) induced concordant blue-shifts in tryptophanyl fluorescence spectra and a loss of beta-strand structure by CD. The enzyme required an unsaturated fatty acid acyl chain in proximity (10-11 A) within liposomal membranes for activation, fluorescence blue-shifts, and changes in CD spectra. Activity enhancements were greatest when UFAC and the negatively charged headgroup were present on the same phospholipid. NCPs with UFAC protected the enzyme from fluorescence quenching by aqueous agents (I-, Cs+, acrylamide, TEMPO). Phosphatidylcholine with doxyl spin-labeled fatty acid acyl chains at carbons 7, 10, or 16 quenched enzyme fluorescence only when in NCP/PC liposomes. Saposin C (Trp-free) induced additional activity and fluorescence spectral changes in the enzyme only in the presence of NCP liposomes containing UFA. CD spectral changes indicated saposin C and acid beta-glucosidase interaction only in the presence of NCPs with UFA. These studies show that acid beta-glucosidase requires interfaces composed of NCPs, containing UFAC, for penetration into the outer leaflet of membranes. Furthermore, this interaction induces essential conformational changes for saposin C binding and further enhancement of acid beta-glucosidase catalytic activity.